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(54) Automated transmission system control with zero engine flywheel torque determination 



(57) A control system/method for an at least partially 
automated transmission system (100) includes means 
to determine engine fueling required to cause a gross 
engine output torque (T EQ (for zero flywheel torque)) re- 



sulting in zero flywheel torque (Tpw = 0). The engine 
(102) is caused to be fueled to the level required to 
cause zero flywheel torque at certain predetermined 
conditions, such as, for example, when disengaging a 
currently engaged ratio or during throttle recovery. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to shift control meth- 
ods/systems for at least partially automated vehicular 
mechanical transmission systems including control 
techniques wherein the engine gross output torque re- 
quired to cause zero drive line torque {i.e., zero flywheel 
torque) under current vehicle operating conditions is de- 
termined and, under various predetermined conditions, 
the engine is caused to generate such gross output 
torque. The shift control of the present invention uses 
torque information from the engine (preferably an elec- 
tronic engine communicating over an electronic data 
link), along with vehicle and/or engine acceleration in- 
formation, to determine various control parameters. 

Description of the Prior Art 

Fully automatic and semi-automatic vehicular me- 
chanical transmission systems and fully or partially au- 
tomated shift implementation systems utilizing electron- 
ic control units, usually microprocessor-based control- 
lers, are known in the prior art. Examples of such auto- 
mated mechanical transmission systems may be seen 
by reference to U.S. Pats. No. 3,961,546; 4,361,060 



4,425,620; 
4,722,248; 
5,053,961 
5,089,962; 
5,231,582; 



4,595,986; 
5,038,627; 
5,053,962; 
5,089,965; 



4,631,679; 
5,050,079; 
5,063,511; 
5,133,229; 



4,648,290 
5,053,959; 
5,081,588; 
5,172,609; 



; 5,272,939; 5;335,566; 5,435,212; 5,508,916 
and 5,509,867. In accordance with an improved vehic- 
ular transmission control, an at (east partially automated 
vehicular mechanical transmission system which accu- 
rately determined a value indicative of engine flywheel 
torque under current vehicle operating conditions was 
provided. That control is particularly useful for vehicular 
automated mechanical transmission systems commu- 
nicating with an electronically controlled internal com- 
bustion engine by means of a data link of the type con- 
forming to an industry-established protocol similar to 
SAE J1922, SAE J1939 or ISO 11898. 

In a preferred embodiment of the improved control, 
the foregoing was accomplished in a vehicular automat- 
ed mechanical transmission system control by utilizing 
the relationship that: 



T EG - T FW + T BEF + T ACCES + ACCEL 



where: 

T EG = gross engine torque; 
Tpw = engine flywheel torque; 
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T BEF = base engine friction torque (includes the 
torque to overcome engine internal friction 
and the torque to rotate the engine manu- 
facturer-installed accessories {i.e., water 
pump, oil pump, etc.)); 

t acces = accessory torque (torque to operate vehi- 
cle accessories, 6uch as air-conditioning, 
fans, lights, etc.); and 

t accel= torque to accelerate engine, calculated 
from engine acceleration or deceleration 
and moment of inertia (I) of engine. 

Instantaneous values representative of gross en- 
gine torque (T EQ ) and base engine friction torque (T BEF ) 
are available gn the data link. T Ac CEL is determined 
from sensed engine acceleration (which may be nega- 
tive) and a calibrated moment of inertia (I) of the engine. 
Accessory torque (T ACCES ) is a constantly determined 
value which, Applicant has determined, may be taken 
as net engine torque {i.e. t T EQ - T BEF ) if the vehicle is 
idling with the transmission in neutral and is related to 
engine deceleration rate in a known, substantially linear 
manner when the vehicle is in motion. 

An adaptive control system/method for an at least 
partially automated vehicular mechanical transmission 
system which continuously updates the value of a con- 
trol parameter (Tpw) indicative of flywheel torque may 
be seen by reference to aforementioned U.S. Pat. No. 
5,509,867, 

SUMMARY OF THE INVENTION 

In accordance with the present invention, Applicant 
has determined that under certain predetermined vehi- 
cle operating conditions, transmission performance 
may be improved by causing flywheel torque (which is 
generally equal to drive line torque with the master 
clutch engaged) to equal zero or substantially zero, that 
the gross engine output torque T EG required to cause a 
zero flywheel torque condition under the current vehicle 
operating conditions may be determined, and that the 
engine may be controlled. to generate such a gross en- 
gine output torque. 

Accordingly, it is an object of the present invention 
to provide a control for at least partially automated trans- 
mission systems wherein, under predetermined operat- 
ing conditions, gross engine output torque is caused to 
equal a value which, under sensed vehicle operating 
conditions, will result in a zero engine flywheel/drive line 
torque. 

This and other objects and advantages of the 
present invention will become apparent from a reading 
of the detailed description of the preferred embodiment 
taken in connection with the attached drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 and 1 A are a plan view of a combined range- 
and-splitter-type compound transmission. 

Fig. 2 illustrates a prior art shift pattern for the trans- 
mission of Fig. 1 . 

Fig. 3 is a schematic illustration, in block diagram 
format, of a semi-automated shift implementation trans- 
mission system advantageously utilizing the control of 
the present invention. 

Fig. 4 is a graph illustrating shift point logic for the 
transmission system of Fig. 3. 

Figs. 5A-5D are schematic illustrations, in flowchart 
format, of control logic for the system of Fig. 3. 

Fig. 6 is a schematic illustration, in flow chart format, 
of the control logic of the present invention. 

Fig. 7 is a graphical representation of an assumed 
linear relationship between engine accessory torque 
and engine deceleration. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Certain terminology will be used in the following de- 
scription for convenience in reference only and will not 
be limiting. The words "upwardly," "downwardly," Vlght- 
wardly" and "leftwardly" will designate directions in the 
drawings to which reference is made. The words "for- 
ward" and "rearward" will refer, respectively, to the front 
and rear ends of the transmission as conventionally 
mounted in a vehicle, being respectively from the left 
and right sides of the transmission illustrated in Fig. 1 , 
The words 'inwardly" and "outwardly" will refer, respec- 
tively, to directions toward and away from the geometric 
center of the device and designated parts thereof. Said 
terminology will include the words above specifically 
mentioned, derivatives thereof and words of similar im- 
port. 

The term "compound transmission" is used to des- 
ignate a change-speed or change-gear transmission 
having a main transmission section and an auxiliary 
drive train unit, such as an auxiliary transmission sec- 
tion, connected in series whereby the selected gear re- 
duction in the main transmission section may be com- 
pounded by further selected gear reduction in the aux- 
iliary transmission section. The term "upshift" as used 
herein shall mean the shifting from a lower speed gear 
ratio to a higher speed gear ratio, and the term "down- 
shift" as used herein shall mean the shifting from a high- 
er speed gear ratio to a lower speed gear ratio. 

Figs. 1 and 1A illustrate a combined range-and- 
splitter-type compound transmission 10 which is espe- 
cially well suited for control by the control system/meth- 
od of the present invention. Transmission 10 comprises 
a main transmission section 1 2 connected in series with 
an auxiliary transmission section 14 having both range- 
and splitter-type gearing. Typically, transmission 10 is 
housed within a single multi-piece housing 16 and in- 
cludes an input shaft 18 driven by a prime mover, such 



as a diesel engine, through a selectively disengaged, 
normally engaged, master friction clutch. 

In the main transmission section 12, the input shaft 
18 carries an input gear 20 for driving at least one coun- 
5 tershaft assembly 22. Preferably, as is well known in the 
prior art and as is illustrated in U.S. Pats. No. 3, 105,395 
and 3,335,616, input gear 20 simultaneously drives a 
plurality of substantially Identical main section counter- 
shaft assemblies at substantially identical rotational 
10 speeds. Each of the main section countershaft assem- 
blies comprises a main section countershaft 24 support- 
ed by bearings 26 and 28 in housing 16 and is provided 
with main section countershaft gears 30, 32, 34, 36 and 
38 fixed thereto. A plurality of main section drive or main - 
'5 shaft gears 40, 42 and 44 surround the transmission 
mainshaft 46 and are selectively clutchable, one at a 
time, to the mainshaft 46 for rotation therewith by sliding 
clutch collars 48 and 50, as is well known in the art. 
Clutch collar 48 also may be utilized to clutch input gear 

20 20 to the mainshaft 46 to provide a direct drive relation- 
ship between the input shaft 18 and the mainshaft 46. 
Typically, clutch collars 48 and 50 are axiaily positioned 
by means of shift forks or yokes 52 and 54, respectively, 
associated with a shift bar housing assembly 56, which 

25 may be of the muttiple-shift-rall or single-shift-shaft type, 
as is known in the prior art, and which is manually con- 
trolled by a shift lever 57. Clutch collars 48 and 50 are, 
in the preferred embodiment, of the well-known, non- 
synchronized, double-acting jaw clutch type. 

& Main section mainshaft gear 44 is the reverse gear 
and is in continuous meshing engagement with counter- 
shaft gears 38 by means of conventional intermediate 
idler gears 57 (see Fig. 1 A). Main section countershaft 
gear 32 is provided for powering power takeoff devices 

3S and the like. Jaw clutches 48 and 50 are three -position 
clutches in that they may be positioned in a centered 
axiaily non-displaced, non-engaged position, as illus- 
trated, or in a fully rightwardly engaged or fully leftwardly 
engaged position. 

40 Auxiliary transmission section 14 is connected in 
series with main transmission section 12 and is of the 
three-layer, four-speed combined splitter/range type, as 
illustrated in U.S. Pats. No. 4,754,665 and 5,390,561. 
Mainshaft 46 extends into the auxiliary section 14 and 

45 is joumailed in the inward end of the output shaft 58, 
which extends from the rearward end of the transmis- 
sion. 

Auxiliary transmission section 14 includes a plural- 
ity of substantially identical auxiliaty countershaft as- 

50 semblies 60 (see Fig. 1 A), each comprising an auxiliary 
countershaft 62 supported by bearings 64 and 66 In 
housing 16 and carrying three auxiliary section counter- 
shaft gears 68, 70 and 72 fixed for rotation therewith. 
Auxiliary countershaft gears 68 are constantly meshed 

55 with and support auxiliary section splitter gear 74. Aux- 
iliary countershaft gears 70 are constantly meshed with 
and support auxiliary section splitter/range gear 76 
which surrounds the output shaft 5B at the end thereof 
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adjacent the coaxial inner end of mainshaft 46. Auxiliary 
section countershaft gears 72 constantly mesh with and 
support auxiliary section range gear 78, which sur- 
rounds the output shaft 58. 

A sliding double-sided jaw clutch collar 80 is utilized 
to selectively couple either the splitter gear 74 or the 
splitter/range gear 76 to the mainshaft 46, while a two- 
position synchronized clutch assembly 82 is utilized to 
selectively couple the splitter/range gear 76 or the range 
gear 78 to the output shaft 58. The structure and function 
of double-acting jaw clutch collar 60 is substantially 
identical to the structure and function of the sliding 
clutch collars 48 and 50 utilized In the main transmission 
section 12, and the function of double-acting synchro- 
nized clutch assembly 82 is substantially identical to the 
structure and function of prior art double-acting synchro- 
nized clutch assembly, examples of which may be seen 
by reference to U.S. Pats. No. 4,125,179 and 4, 462, 
489. 

The splitter jaw clutch 80 is a two-sided of double- 
acting clutch assembly which may be selectively posi- 
tioned in the rightwardmost or leftwardmost positions for 
engaging either gear 76 or gear 74, respectively, to the 
mainshaft 46. In the prior art, the splitter jaw clutch 80 
is axially positioned by means of a shift fork 64 controlled 
by a two-position piston actuator 86, which is operable 
by a driver selection switch (such as a button or the like) 
on the shift knob, as is known in the prior art. Two-posi- 
tion synchronized clutch assembly 82 also is a two-po- 
sition clutch which may be selectively positioned In ei- 
ther the rightwardmost or leftwardmost positions thereof 
for selectively clutching either gear 78 or 76, respective- 
ly, to output shaft 58. Clutch assembly 82 is positioned 
by means of a shift fork 88 operated by means of a two- 
position piston device 90. 

As may be seen by reference to Figs. 1 -2, by selec- 
tively axially positioning both the splitter clutch 80 and 
the range clutch 82 in the forward and rearward axial 
positions thereof, four distinct ratios of mainshaft rota- 
tion to output shaft rotation may be provided. Accord- 
ingly, auxiliary transmission section 14 is a three-layer 
auxiliary section of the combined range-and-splltter type 
providing four selectable speeds or drive ratios between 
the input (mainshaft 46) and output (output shaft 58) 
thereof. The main section 12 provides a reverse and 
three potentially selectable forward speeds. However, 
one of the selectable main section forward gear ratios, 
the low speed gear ratios associated with mainshaft 
gear 42, is not utilized in the high range. Thus, transmis- 
sion 10 is properly designated as a "(2+1 )'(2)'(2) B type 
transmission providing nine or ten selectable forward 
speeds, depending upon the desirability and practicality 
of splitting the low gear ratio. While clutch 82, the range 
clutch, should be a synchronized clutch, double-acting 
clutch collar 80, the splitter clutch, is not required to be 
synchronized. 

According to the prior art, as disclosed in aforemen- 
tioned U.S. Pat. No. 4,944,197, the main section ratios 



are selected and implemented manually by a shift lever, 
splitter shifts are manually selected by operation of a 
manual selector lever or button, often located on the 
shift lever or built into the shift knob, and are implement- 
s ed by a remote two-position actuator. The range shift is 
manually or automatically selected and Implemented by 
a remote two-position actuator. A separate range control 
button/lever may be provided, or as illustrated in Fig. 2, 
a lever operated "double-H" type control may be utilized. 
io Range and splitter actuators and controls of this type 
are well known in the prior art, as may be seen by ref- 
erence to U.S. Pat. No. 4,788,889, the disclosure of 
which is incorporated herein by reference. 

The prior art shift pattern for shifting transmission 
10 is schematically illustrated in Fig. 2. Divisions in the 
vertical direction at each gear lever position signify split- 
ter shifts, while movement in the horizontal direction 
from the 3/4 and 5/6 leg of the B H° pattern to the 7/8 and 
9/10 leg of the "H" pattern signifies a shift from the low 
range to the high range of the transmission. 

To accomplish a shifting of the range section of the 
transmission 10 without requiring the operator to actu- 
ate any control device other than the gear lever move- 
ments to the rightwardmost leg of the shift pattern as 
seen in Fig. 2, a range control valve assembly is provid- 
ed to provide a signal to a slave valve 92, located at 
piston assembly 90, to shift the shift fork 88. 

In one embodiment of the present invention, the for- 
ward shifting of transmission 1 0, comprising a main sec- 
tion 12 coupled to an auxiliary section 14, is semi-auto- 
matically Implemented by the vehicular semi-automatic 
transmission system 100, illustrated in Fig. 3. Main sec- 
tion 12 includes input shaft 18, which is operatively cou- 
pled to the drive or crank shaft of the vehicle engine 1 02 
by master clutch 104, and output shaft 58 of auxiliary 
section 14 is operatively coupled, commonly by means 
of a drive shaft, to the drive wheels of the vehicle (not 
shown). 

The change-gear ratios available from main trans- 
mission section 12 are manually selectable by position- 
ing the shift lever 57 according to the shift pattern pre- 
scribed to engage the particular change gear ratio of 
main section 12 desired. As will be described, manipu- 
lation of the master clutch 104 and manual synchroniz- 
ing is not required. Preferably, the system will include 
means to sense an intent to shift and will automatically 
take actions to minimize or relieve torque-lock condi- 
tions, allowing an easier shift into main section neutral 
from the engaged main section ratio and further allowing 
required splitter shifts to be preselected for rapid com- 
pletion upon a torque break and shift into neutral. 

The system 100 includes sensors 106 for sensing 
engine rotational speed (ES), 1 08 for sensing input shaft 
rotational speed (IS), and 110 for sensing output shaft 
rotational speed (OS) and providing signals indicative 
thereof. Engine 102 is electronically controlled, includ- 
ing an electronic controller 112 communicating over an 
electronic data link (DL) operating under an industry 
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standard protocol such as SAE J-1922, SAE J-1939, 
ISO 11898 or the like. Throttle position (operator de- 
mand) is a desirable parameter for selecting shifting 
points and in other control logic. A separate throttle po- 
sition sensor 113 may be provided or throttle position 
(THL) may be sensed from the data link. Gross engine 
torque (J^q) and base engine friction torque (T BEF ) also 
are available on the data link. 

A manual clutch pedal 115 controls the master 
clutch, and a sensor 114 provides a signal (CL) indica- 
tive of clutch-engaged or -disengaged condition. The 
condition of the clutch also may be determined by com- 
paring engine speed to input shaft speed. A splitter ac- 
tuator 1 1 6 is provided for operating the splitter clutch 82 
in accordance with command output signals. The shift 
lever 57 has a knob 118 which contains sensing means 
or a button 1 20 by which a driver's intent to shift may be 
sensed. Sensor 122 provides a signal (ITS) indicative 
of the sensed presence or absence of the driver's intent 
to shift into neutral, various other sensors sensing 
movement of the shift lever may be utilized, as may be 
seen by reference to SAE Paper No. 840307. 

A driver's control display unit 1 24 includes a graphic 
representation of the six-position shift pattern with indi- 
vidually lightable buttons or other display elements 126, 
128, 130, 132, 134 and 136 representing each of the 
selectable engagement positions. The unit also includes 
a button 1 38 connected to toggle-type controls for se- 
lecting the high or low splitter range for 6tart-from-stop 
splitter position selection. The selection will be indicated 
by lights 142 or 144. 

The system includes a control unit 146, preferably 
a microprocessor-based control unit of the type illustrat- 
ed in aforementioned U.S. Pats. No. 4,595,986; 
4,361 .OeSandS.SSS.See, for receiving input signals and 
processing same according to predetermined logic rules 
to issue command output signals 150 to system actua- 
tors, such as the splitter section actuator 1 1 6, the engine 
controller 112 and the display unit 124. A separate sys- 
tem controller 146 may be utilized, or the engine (ECU) 
1 1 2 communicating over an electronic data link may be 
utilized. 

The splitter actuator 116 may be a two-position de- 
vice or, as shown in copending patent application U.S. 
Serial No. 08/597,304, a three -position device, allowing 
a selectable and maintainable splitter section neutral. 

Forward dynamic splitter-only shifts, such as third- 
to-fourth and fourth-to-third sifts, are automatically im- 
plemented without driver intervention. By way of exam- 
ple, assuming a three-position splitter actuator, upon 
sensing that a splitter shift Is required, the ECU 146 will 
issue commands to the actuator 1 1 6 to bias the actuator 
toward neutral, and to engine controller 112 to minimize 
or break torque. As soon as splitter neutral is sensed, 
the engine will be commanded to a synchronous engine 
speed for the target gear ratio at current output shaft 
speed (ES = IS = OS*GR T ± E RROR ). The engagement 
is timed, In view of reaction times and shaft speeds and 



accelerations, to occur just off synchronous to prevent 
clutch butting. Automatic splitter shifting of this type is 
illustrated in aforementioned U.S. Pats. No. 4,722,248 
and 5,435,212. 
5 The engaged and neutral (not engaged) conditions 
of transmission 10 may be sensed by comparing the in- 
put shaft/output shaft rotational speeds to known gear 
ratios (IS/OS = GR, = 1 to 1 0 ± Y?) for a period of time. 
Position sensors may be utilized in lieu of or in addition 
io to input shaft and output shaft speed logic. 

When synchronizing to engage a target ratio, the 
engine is directed to achieve and remain at a speed 
about 30 to 1 00 RPM (preferably about 60 RPM) above 
or below (preferably below) true synchronous speed 
(ES SYNCH ro = (OS 1 GRj) ] 45 RPM) to achieve a good 
quality jaw clutch engagement without butting. To verify 
engagement of a target ratio, the system looks for input 
shaft speed equaling the product of output shaft speed 
and the numerical value of the target ratio, plus or minus 
about 10 to 30 RPM (IS = (OS*GR T ) ± 20 RPM) for a 
period of time, about 100 to 400 milliseconds. 

The foregoing logic allows transmission engaged 
and neutral conditions to be determined on the basis of 
Input and output shaft speeds without false engagement 
sensing caused by engine synchronizing for engage- 
ment of a target ratio. 

When in an even tumbered ratio {i.e., when in the 
high splitter ratio) and above a given engine speed/input 
shaft speed (for example, about 1 ,375 RPM for a diesel 
engine governed to about 2,100 RPM), a lever upshift 
(with an automatic splitter downshift) is appropriate and 
the system, if requested by the driver, will semi-automat- 
ically implement same. Similarly, when in an odd num- 
bered ratio (/.©., when in the low splitter ratio) and below 
a given engine speed (for example, about 1,350 RPM 
for the same engine), a lever downshift (with an auto- 
matic splitter upshift) is appropriate and the system, if 
requested by the driver, will semi-automatically imple- 
ment same. Fig. 4 illustrates the automatic splitter shift 
points and the appropriate, lever shift points. It is noted 
that in system 100, splitter shifts are automatically im- 
plemented, while lever shifts, with accompanying split- 
ter shifts, require driver initiation and main section jaw 
clutch manipulation. 

The display unit 124 will inform the driver of the cur- 
rently engaged ratio lever position and the lever position 
of the currently appropriate lever shift, if any. In one em- 
bodiment, the lever position of the currently engaged ra- 
tio will be indicated by a steadily lighted button, while 
the lever position of the appropriate lever shift will be 
indicated by a flashing button. 

Assuming fourth gear is engaged and input shaft 
speed is 1 ,525 RPM, the 3/4 button 130 will be steadily 
lit, indicating that third or fourth gear is engaged and, as 
an upshift into fifth is appropriate, the 5/6 button 1 32 will 
flash. The driver may choose to remain in fourth or de- 
cide that a shift into fifth is desirable. 

If the driver moves the lever to neutral and neutral 
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is confirmed with the master clutch engaged, the 3/4 but- 
ton will be extinguished, while the controller 146 issues 
commands to the engine controller to cause the engine 
and input shaft speeds to approach the synchronous 
values therefor, when the appropriate splitter shift is s 
completed (in this example, a splitter shift from splitter- 
high to splitter-low). Upon confirmation that synchro- 
nous conditions exist, the operator may shift easily into 
the 5/6 lever position without the use of the clutch. Upon 
confirmation that fifth is engaged, the 5/6 button 1 32 will JO 
be (ft in a steady manner. 

Preferably, the shift knob 118 will include a sensor 
or an intent-to-shift button 120 by which the driver will 
indicate that he intends to initiate a lever shift sequence. 
Upon receiving the intent-to-shift signal (ITS), the con^ is 
troller 146 will issue commands to the engine controller 
112 to relieve torque lock by fuel manipulations and to 
the auxiliary section actuator 116 to preselect the re- 
quired splitter shift. This will allow easy shifting from the 
engaged ratio (fourth) into neutral without operator th rot- so 
tie manipulation or clutch disengagement, as well as 
providing a rapid splitter shift. Engine manipulations to 
relieve torque lock without requiring clutch disengage- 
ment is described in greater detail in aforementioned U. 
S. Pats. No. 4,850,236 and 5,105,357. Preferably, if no zs 
lever shift is then appropriate, the intent-to-shift signal 
will not be acted upon. 

According to the control of the present invention, as 
will be described in greater detail below, fueling to break 
torque will involve causing the engine to develop a gross 30 
torque (T EG ), which will result in a zero flywheel torque 
(Tpw = 0). As described in aforementioned U.S. Pat. No. 
5,508,91 6, a similar technique may be utilized to assure 
full engagement of the jaw clutch members associated 
with a target gear ratio. 35 

When in neutral, the operator normally will develop 
a rhythm of when to shift into the target ratio. Alterna- 
tively, the system may inform the operator of when the 
engine speed is at or is approaching synchronous suf- 
ficiently to allow the lever to be moved into the target *o 
lever position. This may be by an audible alarm, a sep- 
arate •okay-to-shift" light and/or simply changing the fre- 
quency of flashing the target lever position button. Al- 
ternatively, as shown in U.S. Pat. No. 4,023,443, inform- 
ing the operator may comprise preventing or inhibiting 45 
shifting until properly synchronous conditions exist. 

Upon completion of a shift and confirmation thereof, 
control of fueling is returned to the operator. The clutch 
pedal 115 is not intended to be used, except for start- 
from-stop operations. If the clutch is manually disen- so 
gaged during a shifting operation, throttle control is im- 
mediately returned to the operator. 

According to another aspect of the present inven- 
tion, during throttle recovery, to provide a smooth tran- 
sition back to operator fuel control, the fueling of the en- 55 
gine will be stepped to a value providing zero flywheel 
torque and then ramped to the driver-requested value. 
Output speed (OS) is constantly monitored and, if 



speed changes cause a change in appropriate or "best 
gear" during a shift sequence, a new "best gear* will be 
indicated by a flashing button and will be synchronized 
for. 

In the absence of an intent-to-shift sensor, to ac- 
complish a lever shift (such as a fourth-to-fifth shift), the 
operator will shift from the 3/4 lever position to neutral, 
at which time, if the clutch 104 is engaged, the controller 
will then initiate the required splitter downshift and will 
fuel the engine 102 to cause synchronous engine and 
input shaft speed for engaging the fifth gear target ratio 
(ES = IS = (OS*3.16) ± X). Upon engagement of fifth 
gear and confirmation thereof, the 5/6 button will be 
steadily lighted and fueling control will be returned to the 
operator. Under many operating conditions, the shift to 
neutral will require operator manipulation of the throttle 
and/or master clutch. 

For control of an at least partially automated vehic- 
ular mechanical transmission system, such as system 
100, it is desirable undercertain circumstances to cause 
a substantially zero torque condition in the vehicle drive 
line. This may be accomplished by causing flywheel 
torque (Tpyy) to equal zero. As will be described in detail 
below, during jaw clutch disengagement, jaw clutch en- 
gagement and/or throttle recovery, it is often desirable 
to cause the engine to be fueled to generate a gross 
engine torque which will result in a zero flywheel torque. 

For heavy-duty vehicles with electronically control- 
led engines communicating on data links of the type de- 
fined in SAE J1922 and J1939 or ISO 11898 protocols, 
engine torque may be represented by the relationship: 



EG " T FW + T BEF + T ACCES + ^ ACCEL 



where: 




Teg- 


gross engine torque; 


T FW = 


flywheel torque; 


T BEF = 


base engine friction torque; 


T ACCES ~ 


accessory torque; and 


T ACCEL = 


torque to accelerate the engine. 



Gross engine torque Oeq) and base engine friction 
torque (Thee). the torque necessary to drive engine 
manufacturer-supplied devices (such as oil pumps) and 
to overcome internal engine friction, are parameters 
available on the electronic data link or databus (DL). 
Torque to accelerate the engine (T ACCEL ) is determined 
as a function of sensed engine acceleration and known 
engine moment of inertia (T ACCEL = dES/dt * I ENGINE). 
It is noted that T ACCEL may have a positive or negative 
value. 

The value of accessory torque (T ACCE $) may vary 
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substantially and often, as vehicular accessories such 
as lights, air-conditioning, fan drives and the like are 
turned off and on automatically or by the vehicle opera- 
tor and/or passengers. Assuming unaided engine de- 
celeration during defueling of the engine (no engine 
brake operation), it has been observed that engine ac- 
cessory torque (T ACCES ) and engine deceleration rate 
(dES/dt rate) vary dependently upon each other. Engine 
deceleration rate (dES/dt rate) is the rate of engine de- 
celeration when the transmission is in neutral and/or the 
master clutch is fully disengaged, and engine fueling is 
at a minimal value. As accessory -load increases, the 
engine deceleration rate increases In proportion to It. 

When the vehicle is stopped with the engine idling 
and the transmission in neutral or the master clutch dis- 
engaged, accessory torque (T ACCES ) is substantially 
equal to gross engine torque minus base engine friction 
torque (T EQ - T BEF ), T EQ - T BEF is also referred to as 
•net engine torque, 1 This value is preferably sensed 
from the databus or data link (DL) and preferably subject 
to a filtering averaging process. 

The system controller 146 is provided with informa- 
tion which relates engine deceleration rate (dES/dt rate) 
to accessory torque (T ACCES ) in a predetermined, sub- 
stantially linear manner wherein engine deceleration 
rate equals A + (B * accessory torque) where "A" and 
a B" are predetermined, stored parameters. If dES/dt rate 
is in units of RPM/second and T ACCES is in units of 
pound-feet, then "A" will be in units of RPM/second and 
"B" will be in units of RPM/second/pound-feet. Fig. 7 is 
a graphical representation of this relationship. Afore- 
mentioned U.S. Pat. No. 5,509,867 provides a more de- 
tailed description of the preferred method for determin- 
ing flywheel torque (T^). 

As indicated above, in a vehicular mechanical 
transmission system, when disengaging or engaging 
jaw clutches and/or when returning control of engine 
fueling to the operator, it is often important to cause at 
least a momentary zero drive line torque condition. 

With an electronic engine, the engine ECU reports 
the gross engine torque and the friction torque of the 
engine and its integral losses (such as oil pump, water 
pump, etc.). This torque number does not take into ac- 
count the OEM-installed accessories (such as air-con- 
ditioning, alternator, etc.), nor does it take into account 
the torque to accelerate (or decelerate) the engine. 

For example, during acceleration in the low gears 
of a heavy truck, the torque number reported from the 
engine is a fairly high number at wide-open throttle. Most 
of the torque the engine "says" It is producing is going 
to accelerate the engine rotating inertia, however, and 
only a portion of that reported torque is going from the 
flywheel through the clutch to actually move the vehicle. 

Furthermore (and more pertaining to this invention), 
if the truck-is just coasting along at some 6peed with 
zero throttle, there is negative torque at the flywheel be- 
cause the vehicle is driving the engine. The gross en- 
gine torque usually is reported as zero during this con- 



dition. However, it takes torque to "motor 1 the engine 
and accessories and accelerate (or decelerate, this sub- 
tracts from the zero flywheel torque, since acceleration 
is negative) the engine. Therefore, it takes some fueling 
s of the engine to create zero torque at the flywheel. 
This relationship is represented by the formula: 

T EG " T FW + T BEF + T ACCES + T ACCEl 

10 

If zero drive line (i.e., zero flywheel torque) is desired, 
the formula is rearranged as follows: 

15 T FW = 0 = T EG I T BEF ' T ACCES ' T ACCEL 

or 

T EO ( for zero Nywheel torque) = 

T BEF + T ACCE3 + T ACCEL 

A simpler version may be made if T ACCEL is not tak- 
en into account (/.©., if vehicle acceleration when algo- 
rithm is needed is assumed to be low). Now, at any given 
time, the gross engine torque that should be command- 
ed to create a zero torque condition at the flywheel (and 
in the drive line) is known. 

In an automated transmission system, upon com- 
manding a shift from a currently engaged gear ratio into 
neutral, the engine may be commanded to the TEG (for 
zero flywheel torque) or to dither to values just greater 
than and just less than the T EG value. A similar logic 
may be utilized during engagement of jaw clutches to 
assure full insertion thereof. 

By knowing the values corresponding to zero drive 
line torque, overshooting to cause a momentary torque 
reversal is minimized and/or eliminated and a greater 
time is spent at or near actual zero drive line torque. 

Fig. 6 is a graphical representation of the logic block 
"FUEL TO BREAK TORQUE 1 in Fig. 5 A utilizing the con- 
trol of the present invention. 

In a semi-automatic shift implementation system, 
fueling for zero flywheel torque may be momentarily 
commanded whenever the throttle pedal is released 
and/or whenever the throttle pedal is reapplied. Prefer- 
ably, the zero flywheel torque condition will be com- 
manded for only about 200 to 600 milliseconds, which 
should be relatively transparent to the operator but suf- 
ficient to allow an easier shift into neutral if that is the 
event indicated by the sensed throttle manipulation. In 
a preferred embodiment, (a) whenever the accelerator 
pedal is released, zero flywheel torque is commanded 
for about 400 milliseconds; and (b) whenever the accel- 
erator pedal is reapplied, zero flywheel torque is com- 
manded for about 250 milliseconds. 

It also has been noted that during throttle recovery 
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operations, especially if the operator is requesting great- 
er than 5% of maximum throttle, a smooth throttle re- 
covery is accomplished by first fueling to the T EG (for 
zero drive line torque) and from that level, smoothly ram- 
ping up to the engine fueling level requested by the op- s 
erator's throttle position. 

Although the present invention has been described 
with a certain degree of particularity, it is understood that 
the description of the preferred embodiment is by way 
of example only and that numerous changes to form and 10 
detail are possible without departing from the spirit and 
scope of the invention as hereinafter claimed. 



Claims 



1 BEF 



base engine friction torque; 



T ACCES = accessory torque; and 
t accel = torque to accelerate the engine. 

3. The method of claim 1 wherein said level of engine 
fueling is the engine fuel required to cause T EQ to 
about equal the sum of T BEF and T ACCES where 



gross engine torque; 

base engine friction torque; and 



75 



1. A method for controlling an at least partially auto- 
mated vehicular mechanical transmission system 
comprising a fuel-controlled engine, an engine con- 
troller for controlling fueling of the engine in accord- 20 
ance with command output signals, a multiple- 
speed mechanical transmission having an input 
shaft driven by the engine and an output shaft and 

a control unit for receiving input signals and 
processing same according to predetermined logic 2$ 
rules to issue command output signals, said method 
characterized by; 

determining a level of engine fueling required 
to cause substantially zero torque to the input 30 
shaft under current vehicle operating condi- 
tions; and 

controlling said system as a function of said lev- 
el of engine fueling. 

35 

2. The method of claim 1 wherein said level of engine 
fueling is the engine fuel required to cause T EG to 
about equal the sum of T BEF , T ACCES and T ACCEL 
where 

40 

T E q = gross engine torque; 



4$ 



SO 



T BEF = 

t acce9 = accessory torque. 

The method of claim 2 wherein said engine commu- 
nicates with said control unit by means of an elec- ss 
tronic data link and said command output signals 
include a signal transmitted on said data link and 
requiring the engine to develop a specified gross 



engine torque ( TEG ). 

5. The method of claim 3 wherein said engine commu- 
nicates with said control unit by means of an elec- 
tronic data link and said command output signals 
include a signal transmitted on said data link and 
requiring the engine to develop a specified gross 
engine torque (T EG ). 

6. The method of claim 1 wherein said system includes 
a sensor for sensing operator-set throttle position 
and for providing an input signal indicative thereof, 
said method further comprising causing said engine 
to be fueled at said level of engine fueling for a first 
period of time upon sensing said throttle pedal be- 
ing moved to a minimum displacement position 
thereof. 

7. The method of claim 6 wherein said first period of 
tie is about 300 to 450 milliseconds. 

8. The method of claim 1 wherein said system includes 
a sensor for sensing operator-set throttle position 
and for providing an input signal indicative thereof, 
said method further comprising causing said engine 
to be fueled at said level of engine fueling for a sec- 
ond period of time upon sensing said throttle pedal 
being moved from a minimum displacement posi- 
tion thereof. 

9. The method of claim 8 wherein said second period 
of time is about 100 to 300 milliseconds. 

1 0. The method of claim 2 wherein said system includes 
a sensor for sensing operator-set throttle position 
and for providing an input signal indicative thereof, 
said method further comprising causing said engine 
to be fueled at said level of engine fueling for a first 
period of time upon sensing said throttle pedal be- 
ing moved to a minimum displacement position 
thereof, 

1 1 . The method of claim 1 0 wherein said first period of 
time is about 300 to 450 milliseconds. 

1 2. The method of claim 2 wherein said system includes 
a sensor for sensing operator-set throttle position 
and for providing an input signal indicative thereof, 
said method further comprising causing said engine 
to be fueled at said level of engine fueling for a sec- 
ond period of time upon sensing said throttle pedal 
being moved from a minimum displacement posi- 
tion thereof. 

1 3. The method of claim 1 2 wherein said second period 
of time is about 100 to 300 milliseconds. 

14. The method of claim 1 wherein said system includes 
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a transmission controller for controlling sitting of 
said transmission in accordance with command out- 
put signals, said method further comprising causing 
said engine to be fueled at said level of engine 
fueling when disengaging of a transmission ratio is 
required. 

1 5. The method of claim 2 wherein said system includes 
a transmission controller for controlling shifting of 
said transmission in accordance with command out- 
put signals, said method further comprising causing 
said engine to be fueled at said level of engine 
fueling when disengaging of a transmission ratio is 
required. 

1 6. The method of claim 1 wherein said system includes 
a transmission controller for controlling shifting of 
said transmission in accordance with command out- 
put signals, said method further comprising causing 
said engine to be fueled at said level of engine 
fueling when engaging of a transmission ratio is re- 
quired. 

1 7. The method of claim 1 wherein said system includes 
a transmission controller for controlling shifting of 
said transmission in accordance with command out- 
put signals, said method further comprising causing 
said engine to be fueled at said level of engine 
fueling when engaging of a transmission ratio is re- 
quired. 

18. The method of claim 1 wherein said engine has a 
first mode of operation wherein engine fueling is in 
accordance with operator demand and a second 
mode of operation wherein engine fueling is not a 
function of operator demand, said method further 
comprising causing said engine to be fueled to said 
level of engine fueling when transitioning from said 
second to said first mode of operation. 

19. The method of claim 2 wherein said engine has a 
first mode of operation wherein engine fueling is in 
accordance with operator demand and a second 
mode of operation wherein engine fueling is not a 
function of operator demand, said method further 
comprising causing said engine to be fueled to said 
level of engine fueling when transitioning from said 
second to said first mode of operation. 

20. The method of claim 14 wherein said engine is 
caused to be fueled at a level dithering about said 
level of engine fueling when disengaging of a trans- 
mission ratio is required. 

21. The method of claim 15 wherein said engine is 
caused to be fueled at a level dithering about said 
level of engine fueling when disengaging of a trans- 
mission ratio is required. 



22. The method of claim 16 wherein said engine is 
caused to be fueled at a level dithering about said 
level of engine fueling when engaging of a trans- 
mission ratio is required. 

5 

23. The method of claim 17 wherein said engine is 
caused to be fueled at a level dithering about said 
level of engine fueling when engaging of a trans- 
mission ratio is required. 

10 

24. A vehicular semi-automated shift implementation 
system comprising: 

a manually shifted transmission having an input 
15 shaft driven by a fuel-controlled engine, an out- 

put shaft and a plurality of selectably engage- 
able and dtsengageabie jaw clutches allowing 
selection of a plurality of drive ratios and neu- 
tral, said jaw clutches selectively positioned by 
& a manually operated shift lever having a plural- 

ity of selectable shift lever positions defining a 
shift pattern; 

means for determining a level of engine fueling 
required to cause substantially zero torque to 
& the input shaft under current vehicle operating 

conditions; and 

means to sense conditions indicative of an op- 
erator intention to shift said transmission into 
neutral- and effective, upon sensing conditions 
30 indicative of an operator intention to shift into 

neutral, to automatically cause said engine to 
be fueled to said level of engine fueling. 

25. The system of claim 24 wherein said level of engine 
& fueling is the engine fuel required to cause T EG to 

about equal the sum of T BEF> T ACCES and T ACCEL 
where 

T EQ = gross engine torque; 
40 t bef = base engine friction torque; 
t acces = accessory torque; and 
t accel = torque to accelerate the engine. 

26. The system of claim 24 wherein said jaw clutches 
45 are non-synchronized jaw clutches. 

27. The system of claim 24 wherein said transmission 
is a splitter-type compound transmission and said 
means are effective, upon sensing conditions indic- 

*o ative of an operator intention to shift into neutral, to 
automatically preselect a splitter shift. 

28. The system of claim 24 wherein said conditions 
comprise operator manipulation of the shift lever. 

55 

29. The system of claim 24 further comprising an intent- 
to-shift switch, said conditions comprising operation 
of said switch. 
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30. The system of claim 29 wherein said switch com- 
prises a manually operated button located on said 
shift lever. 

31. The control method of claim 2 wherein said engine 
and said control unit communicate over an electron- 
ic data link (DL) carrying signals indicative of gross 
engine torque (T^) and base engine friction torque 

(T BEF ). 

32. The system of claim 25 wherein said engine and 
said control unit communicate over an electronic 
data link (DL) carrying signals indicative of gross 
engine torque (T EQ ) and base engine friction torque 

(Tbef). 

33. The system of claim 24 wherein said conditions 
comprise the operator requesting a minimal amount 
of fueling. 

so 

34. The system of claim 25 wherein said conditions 
comprise the operator requesting greater than a 
minimal amount of fueling. 

26 
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FIG. 5 A 
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FIG. 5C 
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